There have been many examples of copper(II) tetraazamacrocycles, where the axial donors interact with copper(II) ions. [1] [2] [3] [4] [5] However, the complexes reported usually show considerably long Cu-axial donor distances with weak interactions between metal centers and axial donors. Even such weak interactions, it appears that the presence of hydrogen-bonding chelate rings comprised of axial donors, suitable anions and solvents, and secondary amines of the macrocycle is requisite for the stabilization of axial ligands to the central copper(II) ions. [1] [2] [3] [4] In the present work, we describe the preparation and structure of trans-[Cu(L)-(DMF) 2 ](PF 6 ) 2 (1) (L = cyclam = 1,4,8,11-tetraazacyclotetradecane, DMF = N,N-dimethylformamide), where the complex shows fairly strong copper-axial donor interactions without the support of hydrogen-bonding chelate rings.
Experimental Section
Materials, methods and apparatus. All chemicals used in this work were of reagent grade and were used without further purification. Infrared spectra were measured as Nujol mulls between KBr plates using a Perkin-Elmer Paragon 1000 FT-IR spectrophotometer over the range 4000 and 400 cm −1 . Solid state electronic spectra by the diffuse reflectance method were measured using Shimadzu 2401-PC UV/vis spectrophotometer. ): 3279 (νNH), 1650 (νCO). X-ray crystallography. A summary of selected crystallographic data and selected interatomic distances and angles for 1 are given in Tables 1 and 2 . X-ray data were collected on a Nonius Kappa CCD diffractometer, using graphite monochromated Mo Kα radiation (λ = 0.71073 Å). A combination of 1º phi and omega (with kappa offsets) scans were used to collect sufficient data. The data frames were integrated and scaled using the Denzo-SMN package. 7 The structure was solved and refined, using the SHELXTL\PC V5.1 package. 8 Refinement was performed by full-matrix least squares on F 2 using all data (negative intensities included). Hydrogen atoms were included in calculated positions, except for those involving hydrogen bonding specifically for the hydrogen atoms bonded to the nitrogen atoms, which were refined with isotropic thermal parameters.
Results and Discussion
Upon recrystallization of [Cu(L)](PF 6 ) 2 from DMF/H 2 O, we obtained the DMF coordinated complex 1 as purple plates. The crystals of 1 retain their transparency for several weeks in a refrigerator, but they slowly decompose upon exposure to the atmosphere as evidenced by elemental analysis. The infrared spectrum and microanalysis for 1 clearly support the structure determined by the X-ray diffraction studies as described in the Experimental Section.
The crystal structure of 1 consists of a monomeric [Cu(L)(DMF) 2 ] 2+ cation and PF 6 anions ( Figure 1 ). The The presence of PF 6 as anions appears to be crucial for the formation of DMF coordinated complex 1. It was unsuccessful to obtain such a complex by using [Cu(L)](ClO 4 ) 2 instead of [Cu(L)](PF 6 ) 2 . In the 14-membered copper(II) tetraazamacrocyclic systems, it has been generally recognized that the axial bonds are achieved when the hydrogen bonds play a role in stabilizing the coordination of an appropriate donor ligands to the central metal ions. [2] [3] [4] One of the exceptions is the interaction of CH 3 CN to the copper(II) ion. 5, 9 This is possibly due to the fairly good (5) However, the lowest energy absorption due to the d z 2 → d x 2 -y 2 transition was not observed in 1. In general, the electronic spectra of octahedral copper(II) complexes exhibit a characteristic two-band pattern due to the Jahn-Teller induced tetragonal distortions. 11 On this account, the complex 1 containing two DMF ligands could be a good system for the understanding of probable copper(II) catalyzed hydrolysis of DMF. The behavior of the complex 1 in solvents of varying pH is currently under investigation. 
